Device stability in an organic light emitting devices (OLEDs) with a solution-processed mixing sing -NPD), host materials tris-(8-hydroxy-quinoline) aluminum (Alq 3 ), electron transport material 2,5---bipyridyl))-1,1-dimethyl-3,4-diphenylsilole (PyPySPyPy) and dope material 5,6,11,12-tetraphenylnaphthacene (rubrene) was investigated. Maximum power efficiency of 5.6 lm/W was obtained by optimizing the mixing ratio of -NPD: Alq 3 : rubrene:PyPySPyPy = 30:50:1:20. Luminance and power efficiency of mixed single layer device was largely improved compared to tri-layer heterojunction device. Lifetime testing demonstrated that the mixed single layer device exhibited longer operational lifetime of 340 hours, which was three times longer than the 105 hours for tri-layer device. Origin of improved device stability is analyzed by evaluating the current-voltage characteristics, dark sports growth and the polarized optical microscope images of mixed organic films.
Introduction
Organic light-emitting diodes (OLED) have drawn considerable attention as lighting and display technologies owing to their advantages of light weight, low-cost, flexible capability and so on. However, efficiency, lifetime and panel size are still the main issues for their practical applications [1, 2] . Particularly, a key challenge that must be overcome in the future is longer operating lifetime of the OLEDs for its piratical application. Studies on degradation mechanism of OLEDs and improvement of OLED lifetime continue to be focus for many researchers up to date [3] [4] [5] [6] [7] [8] [9] [10] . For display and lighting applications, the lifetime of OLEDs is an very important issue, which depends not only on the stability of the composition of organic materials, but also on the combination at the metal/organic and organic/organic interfaces [11, 12] . However, clear understanding of degradation and efficient improvement of lifetime in OLEDs are still main issues. Recently, mixed single-layer structure, in which electron-transport material, hole-transport materials, host, and dopant are mixed in one layer, is proposed for improving the device performance by optimizing the mixing ratio and doping concentration [13] [14] [15] [16] [17] [18] [19] . Particularly, it is possible to largely improve the device stability by using a mixed single layer as the emission layer.
Vacuum deposition and solution processing are two main deposition means of organic films in OLEDs. Compared to vacuum deposition, solution processing is a relatively fast and low-priced technique in fabricating organic films. However, there exists a great challenge for depositing the stacked layers OLEDs. Fortunately, mixed single layer structure OLEDs make it possible if selecting suitable solvent for those mixed organic materials [20] [21] [22] . 
2.Experimental
Reference device with a tri-layers has a structure of ITO/ -NPD (50 nm)/Alq 3 + rubrene (40 nm)/PyPySPyPy (10 nm)/LiF (1 nm)/Al (100 nm) as shown in Fig. 1 (a) . The organic materials were evaporated one by one at a pressure of about 4×10 -6 The solution-processed device single layer device has a structure of ITO -NPD + Alq 3 + rubrene + PyPySPyPy (100 nm)/ LiF (1 nm)/Al (100 nm) as shown in Fig. 1 (b) . The mixed single layer is spin-coated (2,500 rpm for 60 sec) using 1.0 wt% solution. Chloroform (with boiling point temperature (T b ), 61.2 ) is used as a solvent. The spin-coated substrate is immediately moved to a vacuum chamber for LiF and Al evaporation. The device area is 2×2 mm 2 . Devices are encapsulated using counter glass substrate filled with molecular sieve in a dry nitrogen glove box. Device characteristics are measured using semiconductor parameter analyzer and luminance meter. Half lifetime is also evaluated in air at room temperature with an initial luminance of 1000 cd/m 2 . Figure 1 . A schematic structure illustration of (a) tri-layer and (b) mixed single layer OLEDs.
Results and Discussion
The carrier balance and carrier recombination conditions in the mixed single layer OLEDs are strongly dependent on the the mixing ratio of organic materials. With optimization, the maximum luminance and the maximum efficiency were obtained, respectively, when the mixing ratio -NPD: Alq 3 : rubrene: PyPySPyPy = 30: 50: 1:20. 
In multi-layer OLEDs, higher local electric field is generally formed by the accumulated charges in the heterojunction interfaces, which substantially results in the quenching excitons and therefore reduced device lifetime [23] . Fig. 3 shows typical room-temperature lifetime data for mixed single layer, and tri-layer devices under constant current mode. Initial luminances for all three devices were 1,000 cd/m 2 . Obviously, the mixed single-layer device exhibited longer operational lifetime of 340 h, which is three times longer than the 105 h for tri-layer device. The improvement of lifetime in the mixed layer device is associated with several possible reasons. As mostly reported [15, 16] , the first one is related to the removal of the heterojunction interface in mixed single layer device. For mixed single layer device, the electric field at the abrupt heterojunction is lowered because of the delocalization of the charge recombination zone by mixing the hole transport layer with the electron transport layer and dopant.
The second one is attributed to the lowered operational voltage in the mixed single layer device since bending energy levels by mixing all organic materials. For confirming this, basis J-V characteristics in practical devices were evaluated. Fig. 4 shows the double-logarithmic plots of J-V characteristics in practical mixed single-layer and tri-layer OLEDs. Two devices demonstrated typical J-V characteristics with three different regions, which can be described by a power law relation. The slope in the low applied bias region is about 1, which means that the current density is about proportional to the voltage. In intermediate bias region, the slope of J-V curves shows a greater largely increased. This behavior indicates that the current is bulk trapped corresponding to space charge limited current (SCLC) with an exponential distribution of traps [24, 25] . There exists an exponential distribution of traps which reduces free-carriers in the transport states available to carry the current. In third region, a SCLC is appeared when the bias is further increased. It means that all traps are filled and the influence of free carrier to the electric field dominates the current process and the current approaches the trap free space charge limited region with V 2 dependence. Noticeably, by using a mixed single layer structure, current density is obviously improved compared to the tri-layer device without changing the trend of J-V curves. Improved current density means an enhanced hole injection in mixed single layer structure.
The third one is with respect to the mixing of organic molecules. In mixed organic films, the stability of mixing of organic molecule will be improved and crystallization will be suppressed [26] . Fig. 5 (a) shows the microscope images of the working mixed single layer OLED after half lifetime testing. Fig. 5 (b) and (c) show the polarized optical microscope images of mixed single layer film (50 nm) in fresh condition and aged for 3 days in air, respectively. 
Conclusion
In summary, we have investigated the device stability in solution-processed OLEDs with a mixing single layer by mixing of -NPD,Alq 3 , PyPySPyPy and rubrene. Maximum power efficiency of 5.6 lm/W was obtained by optimizing the mixing ratio of -NPD: Alq 3 : rubrene:PyPySPyPy = 30:50:1:20. Half lifetime testing demonstrated that the mixed single layer device exhibited longer operational lifetime of 340 hours, which was three times longer than the 105 hours for tri-layer device. With the evaluations of current-voltage characteristics, dark sports growth and the polarized optical microscope images of mixed organic films, improved device stability is mainly attributed to the removal of the heterojunction interface in mixed single layer device, the lowered operational voltage since bending energy levels by mixing all organic materials, and the film crystallization suppression owing to the mixing of organic molecules.
